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Road Map: Where we’re headed

Background
* Applications
e Current work at NIST

* Future work after SURF




Today’s CO, Problem
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Today’s CO, Problem
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Current Industrial Capture of CO, — Monoethanolamine (MEA) absorption
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What exactly is a metal
organic framework?

 MOFs are metal cations or
clusters connected through
organic ligands to form rigid

3-D, often porous, o
structures %
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What exactly is a metal
organic framework?
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Applications of MOFs

» Catalysis
* H, storage
* (Gas separations
* Reversible CO, capture
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Yu, J.; Ma, Y.; Balbuena, P. B. Langmuir 2012, 28, 8064-8071.




Research at the NCNR

Synthesis and CO, adsorption
study of the MOF family M,(BTC),

Determination of CO, binding sites

NIST center for




3-Dimensional Structure of M;(BTC),

* Assynthesized structure contains solvent molecules
e Solvent is easily removed upon heating
e Structural features attractive for gas adsorption:

* 1 open metal site

e 2 large channels or pores

* 1 small pore
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3-Dimensional Structure of M;(BTC),

* Assynthesized structure contains solvent molecules
e Solvent is easily removed upon heating
e Structural features attractive for gas adsorption:
* 1 open metal site
e 2 large channels or pores
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3-Dimensional Structure of M;(BTC),

* As synthesized structure contains solvent molecules
e Solvent is easily removed upon heating
e Structural features attractive for gas adsorption:

* 1 open metal site

e 2 large channels or pores
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3-Dimensional Structure of M;(BTC),

* Assynthesized structure contains solvent molecules
e Solvent is easily removed upon heating
e Structural features attractive for gas adsorption:
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Synthesis

* Cuy(BTC),
* Cry(BTC),— air sensitive
* Mo,(BTC),— air sensitive (ongoing)
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Neutron Powder Diffraction

Bragg’s Law:

2d*sinB = nA

d — lattice spacing

O — scattering angle

A — incoming wavelength
n —integer value

lattice of
sample

Diffracted beam

Incident beamn
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Prynn, R. Neutron Scattering: A Primer. Los Alamos Neutron Science Center.



Neutron Powder Diffraction

Neutron Beam Detector

Sample can

1.03 g Cr4(BTC), dosed at 6.12 bar CO, (1.5 CO, per Cr)
3.40 g Cu,(BTC), dosed at 30.98 bar CO, (2.5 CO, per Cu)

Benefits over X-ray Powder Diffraction: /

* Gives accurate information about atomic positions ,‘
due to availability of high scattering angles (95

* Allows easier quantitative analysis for gas dosing \
studies than XRPD
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Neutron Powder Diffraction

Sample can

1.03 g Cr4(BTC), dosed at 6.12 bar CO, (1.5 CO, per Cr)
3.40 g Cu,(BTC), dosed at 30.98 bar CO, (2.5 CO, per Cu)
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Benefits over X-ray Powder Diffraction:

* Gives accurate information about atomic positions
due to availability of high scattering angles

* Allows easier quantitative analysis for gas dosing
studies than XRPD




Neutron Powder Diffraction (cont.)

Cr,(BTC), Bare
= Cr,(BTC), dosed with 1.5 CO, per Cr




Rietveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr
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Rietveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr

* Fourier map gives *
areas of missing
density

* Manually input
locations of CO,

e Refinement
cycles to obtain
best fit of site
occupancy and
location




Rietveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr




Rietveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr

¢ CO, modeled at Cr site
disordered over 4
orientations
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Rietveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr

¢ CO, modeled at Cr site
disordered over 4
orientations

* CO, modeled in the
tetrahedral pocket
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Reitveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr

* CO, modeled in the
tetrahedral pocket

tetrahedral pocket

P
4

» .
»

»
‘A ..
2t

j-:=>t 6

.
.




Reitveld Refinement
for Cr,(BTC), — dose of
1.5 CO, per Cr

Slight inward
pucker of
paddlewheel for Cr
compared to Cu




Comparison of Cr,(BTC), and Cu,(BTC),

\_

[1.5 CO,: Cr;(BTC), 1.0 CO,: Cu,(BTC), 2.5 CO,: Cuy(BTC),
93 % metal sites occupied 42 % metal sites occupied 80 % metal sites occupied
68 % pocket occupied 34 % pocket occupied 70 % pocket occupied
23 % large pore site #1 occupied
14 % large pore site #2 occupied

~

J

Cr---OCO distance: ~ 2.58 A
Cu---OCO distance: ~2.42 A

Conclusions

Primary CO, adsorption sites for both Cr,;(BTC), and Cu,(BTC), found at:

* unsaturated-metal center

* inside tetrahedral pocket
CO, displays slight preference towards metal site for both Cr and Cu, but
both sites fill simultaneously
Shorter interaction distance between CO, and unsaturated metal site for
Cuy(BTC), over Cr;(BTC), due to pucker of Cr paddlewheel
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Future Work

* More gas studies on Cry(BTC),
* Finish synthesis of Mo,(BTC),

* Perform Neutron Diffraction Studies on
Mo, (BTC),
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